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In the years preceding world ar IL welding was considered a struc 
tural outcast. ‘The several co:naittees anda assuciutions resrnonsible for 
the standard specifications ana vrocedures viewed welding es adequate 
for minor structural febrication, where stresses were for ali practical 
considerations predominately static. The dynamic load properties of 
Welded connections were untested, and the construction Pivid felt a vague 
understandable fear of its use in multienillion doller buildings aud 
bridges. 

Today, the fleld testing of welding is over. sdlitary and induse 
trial application of welding to our gigantic war wacnine needs vave cone 
vincing evidence to envineers that a welded joint, properly understood, 
could do its job cheaply anu successfully. low all that remains is to 
overcome the inertia of the specifications ana codes. 

In the latest printing of the American Association of state Tigh- 
way Officials! Standard Specifications for Highway uridees (1944), 
weldiny is classified as poraissible on incidental parts of the structure 
only. Warn the specifications, "“elding is not recomended in main mene 
bers or their connections where the failure of the weld would endanger 
the stability of tnu structure." what a blow to the proponents of welding? 
While these 4.4.5.H.0. standards serve as a vuide for most highway bridye 
construction, some states in the years since 1940 have recopnized the 
value of welding @s an econoaic fabrication medina anu have assuncd re- 
Sponsibility for the construction of several melded hiphway dridges. 


California and New Yorx, with a yreat nuuber of miles of highways and 
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numerous bridyes to accownodate them, have been leaders in the prouotion 
of the welded structure, 

At this tine the most popular aplication of bridge welding teche 
nique is to the deck girder snu tie rigid frane types. These are ali of 
moderate spans in the nelyhborhood of sixty to eighty feet, saldom ex- 
ceeding 100 feet. oth of these bridge types present a neat unobstructed 
roadway for the motorist utilizing them. in elevation, also, they tend 
to vive e® pleasing architectural effect if such an effect is considered in 
desisn. For this reason their use is extensive at crade eliminaticns and 
for suburban stream crossings. “hen considered architecturally, the fun- 
damental cleanliness of shape and joints of a welded structure often 
eliminate the necessity for a couplex exterior veneer of stone or concrete 
to dreas up the bridge. 

An additional economic adventale is offered by the use of a cote 
posite steel beau and concrete slab. in toils desiven setood the concrete 
floor slab of a deck=-tyoe bridve acts as a part of tho coaupression Plenze 
of each of the welded -irders. All thet is required for suc cowoeite 
action is un adequate means of resisting the shear betwee tie steel beam 
and the concrete. Shear keys, fastened to the bean flange and iubedded 
in the concrete, are the answer, So far, riveted shear xeys have not 
proved satisfactory; all their difficulties have been overcome by use of 
a welded shear key. 

Considering these facts, it is apparent that a bright future exists 
for the welded bridge, It cai successfully compete with riveted bridges 


using old-style desien and isateclals that wore developed for the peculiar 
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7 
needs of riveted work. And, hamstrung by aany of the ola specifications, 
it can still prove itself a cheaper, better-lookiny, lonyer-lastin, bridge. 

Pernaps the welded bridge coula be much better yet, if it were de 
Signed frou scratch as a welded structure, aot just a bridge for which 
welds arw substituted for rivets, This is tu: current thouwht ti.t drifts 
throush the industry toasy. «4 yood uany technical articles aia several 
competitions have stressed the desirability of breaking away from the old 
patterns of riveted construction. The optinum welded bridge say have 
vastly different structural characteristics than that wi.ch is considered 
correct today. Only design investugetion of the remotest possibilities 
in all their syriac conbinations will produce the answer, 

In an effort to advance one step toward that goal this thesis hes 
been undertaken, 

The desijssn of a welded bridge, discaruing the familiar specifications, 
procedure, and materiais, is a tedious undertaking. As a steadying in- 
fluence, the authors elected to desin the structure according to the 


competitive restrictions of the Jases F, Lincoln Are Nelcings Foundation's 


Welded bridzes of the Future award procrau for 1949. It was felt that if 


oman oma 


the finished degign had sufficient merit it could be subaltted as a contest 
entry with the perforsanee of the additional work required for detailed 
drawings and cost estimates, 

For this design the bridge was classified as a two-lane deck highway 
bridge supported on piers 120 feet apart. The design of the plers or 
abutments was not considered. The requirements of the steel satisfled 


AeSeTetemA7=46 specifications, For proportioning menbors, determining 
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&llowable unit stresses, and siviny welds used in the fabrication the 

1947 edition of the Standard Specifications for Nelded Hishway ani wilroad 
Bridges of the American Welding Society were followed. Contest specifica- 
tions desiznated the loadings to be applicd to the designed structure. 
Those other features of the desiyn normally considered by specifications 
when ceSigning a riveted bridge were evaluated with reference to a welded 
structure. The authors atteat<ed to Judge logicaliy the necessity for 

the use of these ole Specifications, Any that should apsly or seeved to 
apply were given consideraticn in the solution of the problea, 

A deliberate atteapt was sade ts incorrorate into tne bridge struc- 
ture new or seldom used shapes, This has cusulted in a structural systema 
which, to tne knowledge of the sutnors, is as yet untried. It is funda~- 
mentally a bacxbone-and-rib system, utilizing a slasle box=-shaped ¢irder 


1 


as the primary vertebrae resisting shear, bending, and torsion. Trans- 


mitting loads to the girder are the eight pairs of r or floor beans. 
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These beans have a wide-flange type cross=section and are cantilevered 
from tne girder tc give support to the floor systeu anc its stringers. 
To economically utilize the metal in these floor beams tnvir vertical 
longitudinal section hss been designed as a wedge section, a section suye 
gested only recently by A. Amirikian for use in mill ouildinys, shops, 
warehouses, and siniler structures foruerly requiring rigid frames and 
trusses to span large floor areas, 

Architecturally, the thinnest possible elevation that was presented 
to the eye seemed to be desirable. The use of the wedge beaus tends to 


accentuate this thinness fro. almost any position that t:.6 observer ulgnt 
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select. In order to breax the otherwise long (120 feet) straijnt Line 
of the bottom flangé of the girder, the flange is shaped to a parsvclic 
curve risiiy three feet at mid-sian. This is alsu en ecunomicai solution 
for fixity of the ends of the girder, a condition iacorsoratea in the 
girder degizn. 48 a result of these features, the briage presents a 
graceful, willowy silhouette that is lueally auited for srade-crossing 
@liminations and stream crossinjs in suburban areas, 

The valve of the torsional shear that would be applied was much 
smaller than first cuesses had estimetcd, wo previous literature was 
located to jive any hint as to the waunitude of tuis sheer and esrly in 
the design there was some doudt in the authors! minds uw to the ability 
of a reasonable cirder section to resist the maxim torque condition. 

A modern tWo-lane <4-foot hivhway is assused to be served oy the 
bridge. As recomended by safety considerations, the bridve roatway is 
widened to 26 feet between curbs and 29 feet clear between cuar: reilings. 
The curbs are flared at the approaches to prevent vevicles fros striking 
the guard rail end posts. io sidewalas were desiyvned, althoush they may 
be installed without inereasing the alive of any of the present main 
Structural members. Ocvasional pedestrians may cross by using the 18 
deve curb top. 

By trying small scale elevations of the bridge and using different 
panel lengths for each, a seven-panel design was chosea ao most pleasing 
architecturally, The standard panel is 17 feet. To overcome the short- 
ening iliusion of the solid vertical abutwent wall upon the ead panels, 


the end bearing connection was placed b¥yond the last floor beam. 


A light-weisht floor system that utilizes weldin, to fasten it to 
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the stringers is the U. S. Steel Coupany's Arsoered i-Beaw-Lok. It is a 
steel grid floor filled with low-grade concrete. It is tack welded to 
each stringer to give a stracture strong enoush to resist tie lateral 
forces applied by wind aad lateral loads. The floor stringers run 
longitudinally at an assuscd spacing of 5 feet 3 inenes. Sy using 
longitudinal stringers any peruunent deflection of the floor botwear 
stringers will not destroy the smooth ridin; quality built into the floor. 
An atteupt was made to fasten the floor and the Stringer tomether to act 
as composite beams, Investivction proved tiet this wes dupracticai. Ila- 
stead, each strinzer is desi ned as continuous over the seven pancls. 

The roadway loadings as | ecified by the contest spucifications 
@ré identical to the Hé0-44 l. 1.5 given by the /.A4.u.H.u. in their 
194d, specifications. 


be an additional 


ry 


ield erection of this bridge is felt to 
aeventage. If conditions perait, the girder will be completely shop 
assembled and transported to the site in one piece, There it will be 
installed and used ag the base for all further erection. ith the 
girder up the floor bea.» are erected in pairs by use of a wide flange 
erection piece that straddles the top of the girder between the beaas 
and holds them in place for welding. sefore welding the strincers rest 
on the top flanges of the oeans without the use of special fastenings. 
AS S00n a8 the stringers are set, the steel ¢rid may be Laid and 
immediately used as a working platfora for the reuainder of the erection 
and finishing. 

Looxing over the colipleted design, the authors feel that they 


have accomplished at least in so.e weasure the following: Tirst, the 
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sections of the cantilever beams, the ~irder, and the floor systen ure 
narticularly edepted to welding practices, Second, sumpleté use is 
made of the meterial, Gach weaver was rromortioned throushout its 
length, "ith due regerd to costs, Yor seximum allowawle strese, Third, 
the total dead loag of the structure 14 \eot to 4 awininun Hid sank res 
favorably with the designed value cf jive load that it will support. 
Fourth, the bridge is e#de of sianle components that fit togelner in a 
simple manner, 

"If a work such as a bridge be well coupoeed construct 


ively, whatever may be the constituent material or mterials 


ant 


exployed, and whatever may be the xin of construction, it 
cen “erm 9 fail to be &n agreenble object for it will cer- 
tuinly possess the essentials to beauty in architectural 
coumosSition, simplicity, ami hanmony, The introiuction of 
anything not necessary to the construction, the onission 

0 { is requisite, ot the substitution of a had exweleet 
for u good one, will assurediy tell injurlously uwam thd aye, 
oO" lieaspetent scever the ubserver sty be to detersiie the 


cause of the defect, cr even in Mhat the deféct “ey consist,’ 


Arghitecture 
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By designing the Vridge "from the top down," that is, the floor system 
first and the girder lest, it was possible te eliminate most of tne Guess 
work involved in choosin; the deac loads that were transiuaitbed to wach 
structural semver. Gnly tne aead weight of the aeiber being Lovestlyated 
needed to be assused for its prelisainery dugion. Therefore, the cesign 
proceeded in tnis order: 

Curb and wward ails 
Floor systek 

Floor Stringers 
Cantilever Seas 
tain virder 

bridge Seat 

Ordinarily, the ausion of tne welded connections was net consia- 
ered at the tine the uember wes investlcated. These wald siaes and de- 
tails of their appiication were mide a part of the aetaii drawings and 
desifn of them wes done at Unatl time. 

in the fullotint: diseussion rtfertnce Will oe made to all the as] 
sumptions tude in the desi,n of each structurai componunt. However, 
only that aSasuaftion that finally rulew the QeSion motnog Will be included 
in the design conputstions that are tabulated in the neat section of this 
paper. 

When redGing theough the @plan&tion of th. de@ign procedure, it My 
be helvful té refér to the drawing! in the apmendix. Adtjuute details 


have been prepared for ull portious of the structure, 
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It was felt that adequate attention is too ofte., lackiny in tue de 
Sign of curos aad railings. Well chosen proportions for tht vailin, 
add Much to tne fund@mmntal grecefulness of the slim horisomtal Uriage 
lines. Conversely, 4 hastely accepted railing aesicn wmy upset the 
whole balance of the orlags. 

Soth curbs and railings were desijned in a4@ucordunce with tne sner- 
jean fnstitute of Steel Construction folder, “Gridge ‘tailings, Their De- 
$ign and Construction." The distance between curds Ls two fect greater 
than the approaching hij;heay pavewent width. © curb nine inenes high is 
uSéd, which will deflect & car aud yet not catch fenters or running voards, 
To provide a substantial curd a horigontel furce of 50 pounds per Lineal 
foot Was aplied &t the tor of tha curd. 

The inside railing faces are sut bacx @iynteen Inches frok the curb 
line. as smooth railing surfsce is presented tv traffic. Cn Lhe Lower 
rail = horizontal desipa forse of 500 pounasa per Lineal foot was applied. 
The two top rails née u herisontal foree of 150 pounds per iintal foot 
applied. A&A vertical forse of LOO pounds per Linval foot wae @ppiied to 
eéen reall. ‘The spicin; of rediings was cnostn tu vive a nebyht thet did 
not hérmfully obstruct the Motorist's view. Yet it 4s fue uate for 
safety nu compliments the gracefulness of tie oriace's elevation, 

To b&élance the upper dna lower portions of the vridge as viewed 
in elevation it wat necessary to space Lae vertical vuiling pests on 
8 foot 6 inch centers, which is @yuivalent to oneehelf a penel Length. 
These posts are ancnored to the exterior floor Stringers at each panel 


point and ald=panel point. 
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A molding of 7iht yage metal extends from the curb Level to juct 


below the cantilever beam's bottom flange on the outside of the rail 


and serves to finish the outside ede uf the roadway, 
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FLOOR SYSTSE 


A steel grid, concrete-fiiled, flcor.in: wes chosen for Its ad- 
vVentages of lightness, strength, long iLife, econoay, aua ease of ine 
Stallation. The saving in weight is uot a small ites, ‘The 3 ineh 
depth chosen, alth its 1 inch vituulnous wearing surface, weigus ony 


60 pounds per syuare foot, if 2 norwal concrete slab were laid, the 


depth Including wearin, surface would be at leest 10 insnes aud wuld 
weigh 125 pounds per suuare foot. The saving in floor dowd load is, 


therefore, in excese of 50 per cent, a sunsiderable ite. when the floor 
arya acounts to aore than 3100 suare feet as it does in 6, is vridgs. 
This reduced deac loa. results in a decreuse in sige of ali other struce 
tural metibers, stringers, sesame, env girder. ‘Tonse, « lighter, aor 
graceful oridys is possible, élithough aon @eonomis studp is difficult 
for tne authors to wexe, It ot felt that the added cost of the steel 
floor system la mere thun balanced by a saving an cuonerste forme anu 
weights of material supolied for the otmer structure! conponenkts. 

Base of installation is 4a tuportant advantage of the steel grid 
floom, it reaches the oridwe slte slreuay cub to the proper lengtas 
aad widths @n. with openings cut as nucessesy for dr@ins. It cests 
directly on tne upper flan, ¢s of tne stringers sa. is welded to them to 
provide o eligli astworsn of steul at tne floor level to resist lateral 
and longitudinal losds,. 

During erection the steel griu is laid ang welded to the stringers. 
By using bien States steel armored I-JeamtLox, light gage a@etal form 


Strips f1t between the Main beans of the Lloorams on ats under Slice and 
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act us forss for the concrete Snd as 4 protection for tne uncersiue of 
the fleor. ‘These strips ere shop &sse.0vled anu welded to Lhe Sloop SySe 
tea, Ths concrete muy be poured frou transite.dx trucks Paaika onto the 
bridge over the steel brid. 

The stresses resultiag fron wheé: loug cons utretious on the floor 
System ani tne influence of th: distribution of toese loads om tne .weents 
Studied has been based on the theory prowwsed oy vrof. He Ys #estergeara, 
of the University of iliinois, ant modified by the sureau of .ublie wads. 


he upeagn com ubtations 
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These sodificatsons were developed to slalLify 
for the two types of iioment coiditions; fiesst, for oridge floor cisvs 
With main reinforzement perullel vo the direethon of Liwfifle; @ng@ @econd, 
Main reinforceasat transverse to ink direction of truffie. hie sseond 
condition was cuosen for the desicn. 

In this briage tho fleor wis sude continuous over several suprort 
and is fimaly welded tu the stringer flaaces to prouuce for prectica. 


considerations a fully restrained cond.tion, To allow fer sous fluxe 


» ed 


ibility 411 stresses were computed for aa eid vedtraint of 75 ¢ per gent. 
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LONGITUDILAL FIVC2 STxINGLAS 


To support the floor a system of longitudinal stringers was used. 
This allows the sa;: of the floor to be parallel to the traffic travel 
and does not hinder the smooth riciny characteristics of the bridge, 
fhe normal span of Lhe stringers between the cantilever veams is 17 feet. 
Any typical cross-section contains four stringers, two on each side of 
the centurline. They are spaced 7.25 fest and 12.50 feet, respectively, 
from the centerline. The sein cirder aiso acts as suyport for the floor, 
handling the loads over the center section of the traffic aree, 

Three alternative desi,ns were considered. First, the feasibi.iity 
of composite action of the stringer and a portion of the conerete in the 
floor immediately above was considered, By assuming the designed floor 
depth in cothbinetion with various oceam sizes, stresses were couputed by 
transformed section analysis, Since the concrete stresses had to be 
superizposed upon tuose stresses already existing because of slab action, 
the actual allowable stress in the concrete was low. This meant that the 
floor would have to be made thicer to increase the conerete area and 
the concrete stress aveilable to resist this coxrpesite beam action. The 
gain in weisht of the thickened siab could not be regained in a similar 
saving in weights of the four strinver sections. Therefore, this alter- 
native was abandoned, 

The second desizn was based on si.uple beam ection for each stringer. 
This gave a reasonable section for the stringers ani was kept in reserve 
in case the stringer—to-beam connection become unwieldy. After the de- 


Sign of the beams, it became apparent that this solution was not necessary. 
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The final alternative was to consider the stringers as continuous 
over the entire seven panel lengths of the bridge. any splices are made 
where study showed that moment values were low, Homuasly this is co.- 
sidered to be about one-fifth of the panel length from any support. 
Using such a lony continuous beam, it was uncertain whether the lene 
loadings or the truck loudinys as snecified would produce the greater 
mogaents, Investigation showed that woments over the sunports were 
greater for the lane loa:iings. The iiid-span monents, however, were 
greater for the truck loucings, snd these awonents ruled the design of 
the stringer. 

4 slizgat increase in weight per foot was allowed i: order to reduce 
the stringer dopth to a practical minimua. This increase amounted to 
6 pounds per foot in the three center panels and 4 pounds por foot in 
the four exterior panels over the weights of the most sconomical sections. 
This is an over all weicht increase of about 2200 pounds in the bridge, 
Interior amd exterior stringers were made the same since the curb posi- 

ion allowed the same loads to some onto the exterior strinver as were 
used for interior strinver design. Ordinary wide-flanze sections were 
chosen, The loads anp:ied made such a section ideal in resisting the 
generated moments, Tne floor fits snugly on the top flange; the bottom 
flange rests upon the cantilever beaa snd is welded to it. No <i fficult 


framing was needed, 
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CANTILEVS t FLOOR BEANS 


The use cf the wedve bean section for the cantilever floor beams 
was chosen as the simplest of several shapes that offered themselves for 
this structural menber, At first, a tapered box section was consiaered 
to be more attractive to the observer, However, this type of section had 
no structural advantages, and it had the important disadvantaye of being 
an expensive fabrication and erection job. 

Another consideration was the builteup section consisting of a web 
plate and two flanges, with the lower flange bent to some curved profile, 
most probably parabolic. This lower curve would add gracefuilness to the 
underside of the bridge and wuld possibly confora to the requirements of 
the appiied moments. This desicn was discerded because of the edded cost 
of fabrication with only small seving in the weights of steel over the 
triancular wedge shane. 

48 previously Aentioned in the aarly pases of this report, the wedge 
beem has the advantages of attractiveness, lishtuess, and econonical we 
of metel to resist the shears und moments. A standard rolled wide flange 
section was chosen as the parent material, It was solit alony its web 
in @ straight diagonel line for the full length of one cajtilever vean, 
Thie disugonal cut was so proportioned that the webs are rejoined along 
the cut after one half of the beam is reversed end for end. with the 
proper desivn it was possible to ake the section aodulus curve of the 
newly welded wedve perallel to the re ,vired section modulus of the 
cantilever vean, And this fabrication re wuires but one fleme cutting 
and on shop weld for each wedce beam, 


It was feared that the wedge might not have the re uired stiffness 
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to resist excessive deflection tendencies, To investigate the deflection 
it was necessary to mace a comoined grapnical and analytical solution of 
the beam oy the slope deflection Sethod, The deflection was not critical, 
indicating that the eatra stiffness near the support ucre than compensated 


for the bean's flexibility near its free end. 
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MATH CLROLR 


For resistance to torsional shear the oost efficient cross-section 
that could be apolied to this bridge waa the aywactrics1 box with rounded 
corners, However, the material in this cross-section also was called 
unon to resist transverse shear in ihe web portions and direct stresses 
in the flange portions, Tnis led to the adortion of a bax section with 
rounded corners that had very neavy flanzes to develop Lhe necessary 
mowsnt of inertia to resist the bending monents, with only light web 
pieces to resist shear, 

Preliminary studies inulesated that the torsional shear would be 
small counnred to the traneverse shear and bending stresses, Conse.uently, 
the girder was designed for these latter forces only, and an allowance 
Was made in prorortioning the avabers to <ees the stresses slightly be- 
low their lisiting values, ‘When these stresses were later combined oy 
principe] stresses with the torsional chear, the total stresses were 
still below their liaits. 

Rounded corners were used for two pu poses, First, these corners, 
nade with adequate radii, eliainate any concentration of the torsional 
stress as it flows around the cross-section, These concentrations when 
caused by Situare corners are not properly investigated, and leading 
authorit les disagree on the increase to be assumed. Most allow a 150 to 
200 per cent increase. Sesond, rounded corners eliainate the use of 
flilet welds at points of stress concentralion, a condition proiibited 
by welding specifications, 

The ,irdér cross-section was designed for moment at the end supports 


and at the center of the span. At these points the steel was pro;ortioned 
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a5) 
so that one size of plate is used for both flanges and another size for 
both webs throwchout the entire length of the girder, Any necessary in- 
crease in iioment of in rtia was handled by the paravclic curve of the 
bottom flange, which increased the depth of tue irder fron 5 feet at the 
mid-span to 8 feet at the supports, These design diaensions for the 
parabola were i:fluenced by the appearance in elevation as well as by 
the requirements for aoment of inurtia, Fortunately, the two condit lons 
did not contradict one another, 

For negative moment over the supports 100 per cent fixity was essuned, 
for this gave the worst condition. For saximun positive monet at mid= 
Span the rividity was reduced to 75 per cent to allow for any small deforna- 
tions of the bride seat. In the first solution of the girder it was 
necessary to consider it as being of uniform cross-section throughout and 
to be simply supported. Under these assuaptions four loacing conditions 
were tested, all of which gave practically identical results, Thon the 
va.ue of noment chosen was sodified accoming to the effect of end restraint 
on aoments existing at the supports oni et sid-span. Those modified aouents 
were designated as the trial design moments, from xhich the first pro- 
portioning of the girder was nade, 

With the girder disensions chosen the wouent of inertia of sections 
along the span was computed, The cube root of all tnese moxents of in- 
ertia were plotted against distance aions the girder, The resultant 
curve approeched 4 parabola so that it was considered safe to use the 
Handoook of Frame Constants as published by the Portland Cement Association 
for calculetion of the fixed end moments, 

Tor ue conditions alony the girder were examined for cil conditions 


of unbalanced loadiny. From this inspection it was shown that the 
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torsional shear could vary from zero to one definite maximum, and that 
this same maximun could exist at any point along the virder cross- 


section, the maximum shear shifting as the saximun unbalanced loads 
3 


shifted, 


Four sometines incouwatible functions had to be performed by the 
bridge seat in order thet it resist the forces vuPougnt to it by the 
main girder, First, it was to carry the vertical thrusts to the pier 
or abutment. Second, it nad to resist th. end uonents, that is, it 
must be rigid in the plane of the longitudinal centerline of the bridge, 
Third, it had to resist the transverse tor we by being rigid in @ trans 
verse plane, Fourth, it was to allow for the expansion of the girder 
over the specified teiperature ranges expected. It is believed tat 
the joint as designed satisfies all these conditions and is still not 


overly cozplex, 
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AsSusae a curb 9 inches hish. Support tne inside of tne curb on 
pee tioor over the eee ce Stringer. Support the outside edye of 
the curb on a channel section running between railing posts. 
Leads. 

Horizontal -~— 500 lbs. per foot of curb 

Vertical -- Dead Load -- 169 lbs. per foot of curb 

Live Load -- Une front wieel of design truck 
On O00 fbos, oleceq Critaca lily 

Shear between curb and flooring. 

= S5U0"lbs. per foot 


Bice lea ca Ceeiircculouticais.. Sear = 50) =10,077 SGaetes. 
13000 


Channel section, 
Assune + of wneel load and 4 of dead load are supported by 
channel and the remainder supported on exterior strinvec. 
Assume channel simply supported at each railing post. 


Moments. 
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Live Leads, 


Poment. 


Horizontal -- 500 lbs. per foot 
Vertical -- 100 low. per foot 
dorizontal -= 500 x 2.5 = 2125 los 
z 
Vertical -- 100 x 8.5 = 425 lbs 
%) 
Horizontal -- 500 x +.5< = 4510 ft lps 
8 
Vertical -- 100 x #.5% = 902 ft lbs 
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902 x 12 = 0,602 cu ins 
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Try a cross-section 6" x 2" 
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Horizontas -- 150 2s. ner file 
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Horizontal -- 152 x 3.5 = 6338 lbs 
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oval ion per inch Tengtl: = 200000709 radian ver inch 
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Girder Deflection Under Uesiyn Load, 
Assume 100 per cent end restraint at supports and 
compute dervlection by slope deflection method. 
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